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My Invention relates to jurainescent materials 
or phosphors and phosphor combinations cansble 
of providing unusual phosphorescent cecay care 
acteristics and toa method of developing Hgnt of 
Jong wavelength from light of shorter wavetengti. 
Until the nineteenth century ed the advent of 
Invisible forms of exciting energy such es ultra 
violet radiation, cathode ray energy and radio ac- 
tlve emanation, phosphorescence was the princt- 
pal demonstrable feature of luminescent manatee 
rials. Quantitative measurements of phosphore 
escence have been made on thousands of mate. 
rials and modern Investigators have increased the 
exactness of phosphorescence measurements but 
have not discovered any phosphor having the 
rroperty of exhibiting a decay curve contrary to 
the normal initfally rapid decrease In Nght upon 
cessation of excitation, followed by 0 tspering olf 
of the phosphorescent decay rate. Thus it ap- 
pears that older phosphors differ chiefly In efi. 
clency, not in any essentials of behavior, from 
materials recently developed for vse In television 
and fiviorescent Hehting applications. Thus 
known phosphor materials exhibit phosphores- 


cert decay characteristics which are elther ex- 2 


ponential or hyperbolic in form, The former 
type of decay Is characteristic of a monomolecular 
process, examples of materials having such decay 
charecteristics being the silicates and possibly 
tunestates. he latter type of decay of hyper- 
bolic form is characteristic of a bi- or poly-molec- 
tlar process, this type of phosphorescent decay 
being typical of sulfide phosphors. No simple 
mathematical exoression will fit any one phos- 
vhorescent decay curve over its entire Iensth. 
The rate of inttlal decay of sulfide phosphors In- 
creases rapidly with the degree of excitation, 
while phosprorescences of silicate phosphors are 
affected to a lesser degree by the decree of excita- 
tion. Thus the longer persistence “tail” of silicate 
shosphors is more concave upward than the first 
nearly exponentia) part of the decay curve, while 
Phosphor decay curves with cr without the tail 
are invariably concave upward, It has been con- 
eidercd by thase skilled in the art that no com- 
bination of phosphors couid yield a phosphores- 
cont dceay characteristic deviating from that ob- 
tained by super-position cf thelr individual per- 
sistences, ard hence it was believed that the de- 
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af Wonines‘ty with time after ces. ation of excita- 
tion ef a whasphor combination, Further fi ac 
erdanc? with my invention, I previde means for 
atecmplishing this desired resuit by means of 
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roys and Jon bombardment, or by radiant enersy 
such n3 S-reys or ultra violet radiations fs made 
to excite ancther phosphor which may in turn 
excite a third phosphor, this methed of opera~ 
tlon cont!nulng for any desired number of steps. 
In accordance with a further tcaching of my 
Invention I provide a mcthod of developing ight 
of relatively long wavelensth by first eaevelop- 
ing luminescence of short waveloncth preferably 
over a Mmited excitation tlmy and developing 
ight of longer wavelength froin the short wave- 
length luminescence. 

It Is an object of my Invention to provide a 
luminescent phosphor screen having a concave 
downward persistence characteristic during at 
Jeast part of its phosphorescent decay period. 
Another object fs to provide phosphor combina- 
tlons having a phosphorescent concave downward 
characteristic when excited by corpuscular radla- 
tton. Another object is to provide n luminescent 
sereen having a higher ratio of phosphorescent 
light intensity to fluorescent Ncht intensity. 
Still another obfect is to provide a combination 
of luminescent phosphor materials and excitation 
means as Well as methods whereby unusual phos- 
phor decay characteristics may be obtained. A 
further object is to provide phosphor combina- 
tions, the individual components of which are 
successively excited, by corpuscular and radiant 
energy, A fucther object Is to provide concave 
downward phosphor decay characteristics with 
excitation effective over short periods of time. 
A still further obsect Is to provide multi-layer 
phosphors having individual selective Hght ab- 
sorption characteristics whereby non-exponen- 
tial and nonpoly-molecwar phosphorescent de- 
cay characteristics may be obtained, and itisa 
stl further object to provide luminescent mod- 
terial combinations with selective radiant energy 
absorbing media to obtain phosphorescent decay 
characteristics which are at Jeast concave down- 
ward over a portion thereof, 

These and other objects, features and ad- 
vantages of my invention will become apparent 
when taken in connection with the following de- 
scrintion and accompanying drawing in which: 

Figure 1 shows representative phosphorescent 
decay curves for three sulphice-type phosphors; 

Fivures 2, 3 and 4 sbow eraphically typical 
Het emitting and Keht vocorbing spectral char- 
: toripds respec. 


Pooure § slices tka phosphor Gecay Curves of 
Cascade phoepher screens made in accordance 
with my Invention; 


Iicure 6 shows a tube incorporating one of my 


cascade phosphor screens, and 
1 IN AD and VW avn ernic-sectional 
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Referring to Pigure 1 which shows three typical 
phasphoreseent Cecay curves plotted against time 


. as abscissae and percentage of initial Ught output 


intensity or ordinates, the curve | fs representa. 
tive of a vine sulpiide-cadmium sulphide copper 
activated phosphor as = mixed crystal, while 
curve 2 is representative of copper activated zinc 
sulptude, and curve 3 of silver activated zinc sul- 
phide crystallized at a temperature of 1°€0" C, 
It will be noted that each of the curves snown fn 
Figure Lis concave upward, this characteristic be- 
Ing representative of all previously known phos. 
phors and phosphor combinations, Ags the ume 
“e" of excitation prior toa ces:ation of excitation 
approaches zero, the curvea (, Zand $3 will sail re- 
tain the shape and form shown, This fs lizewise 
true for any value of “é" representative of the 
thne of excitation. This fs a well-known prop. 
erty and Js true of all known phosphors and pree 
viously known phosphor combinations, as points 
out in my article entitled “Cathodoluminescence 
as applied to television.” RCA Review, vol. V, No 
2, October, 1940, pages 165-169, 

Referring to Figure 2, I have shown the spec-' 


"tral ight emission and spectral cht absorption 


characteristics of a zine cadmium sulphide, cop- 
per activated, represented by the general formula 
zwZnS:vCdS:Cu as an example of a visible ight 
absorbing phosphor. This materla] js distin- 
gulsned from & mechanical mixture of zinc and 
endnilura sulpl'ide in that it ts crystallized as a 
single crystal, the cocfdetents z and y represent- 
Ing the respective amounts of zine and cadmium 
which may be varied over wide limits. aAs the 
ratio of x to y Is decreased, the spectra] emission 
of the mixed crystal shifts toward the red portion 
of the spectrum. ‘The values of x and y for ma- 
terfal represented In Figure 2 are 0.7 and 9.3, re~ 
spectively. In Figure 3 I have shown the lcht 
absorbing and Nght emission spectral character~ 
istics of wine sulphide, copper activated, while in 
Figure 4 these characteristics are shown os ap- 
pled to silver activated zine sulphide. Meferring 
again to Figure 2, Jt will be noted thet copper ac~ 
tivated ginc-cadmium sulphide has a light emis-~ 
ston peaked at roughly 6100 A, while the copper 
activated zine Guiphide peaks at 5229 A, and the 
silver activated zinc suipnide at approximately 
4400 A, Tt will likewise be noted from Figures 2 
and 4 that the zine cadmium sulphide absorbs 
light having a wavelength below 6009 A. Siral- 
larly, the absorption of cine sulphide, copper ac- 
tivated, and zine sulphide, stlver activated, be- 
comes effective al approximately 4700 and 5260 A, 
respectively. These relative spectral absorption 
and emission curves show that zine cadmlum sul- 
Phide wlll absorb the Ught Nberated by copper ac- 
tivated zinc sulphide and silver activated zinc sul- 
phide and that copier activated zine sulphide will 
absorb the light emission of silver activated zinc 
sulphide. By the term “absorption” I mean that 
the light Is eMciently absorbed In the sense tnat 
the principal portion of the absorbed radiation is 
converted into luminescence, 

The energy representative of Heht absorbed Is, 
in accordance with my invention, utilized to Uber~ 
ate Ticht from the abourbing rhosphor, thereby 
TE OOUARE AG Fe Cosa y ae a, cristle of 


fale wil) Tey 


Inmvcation, [ provide a luminescent terecn haying 
& concave dovuward persistence characteristic 
Guring at least part of {ts phosphorescent decay 
pericd by utlilzing a easende arrangement of 
phosphor layers whereby one phosphor initially 
exelted such as by cathode rays is Made to excite 


Io 


4 : 
another phosphor contiguous with the first 
phosphor. More particularly, I provide a phos- 
Phur layer capable of Uberating ight of short 
wavelength, which Moh$ is utdized in another 
layer absorptive to the ight of short wavelength 
to liberate Nght of a lonzer wavelength. Thus TI 
have found that if two or more layers of phos- 
phors having spatlally related spectral cmission 
and absorption characteristics are combined, the 
resulting phosphorescent decay period ts not only 
lengthened but is commpictely changed from an 


“exponential or hyberboile form to a form which Js 


concave downward over the major useful portion 
of the Haht output characteristic. By the phrase 
“spatially related spectra] cinission and absorp- 
Gon characteristics’ Yo mean characteristics 
wherein the emission and absorption curves are 
shifted toward the red portion of the spectrum In 
the direction of the propagation of the primary 
exciting cnergy and the absorption regicn of ange 
layer falls within the eraission spectrum of nn ad~ 


* jacent phosphor layer. 
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Referring to Pigure 5, I have shown two curves 
Sand $ representative of the decay characteristic 
of two os my phosphor combzinations. Referring 
to Figure 5, the time “2” of excitation Just prior 
to cessation of excitation may appreach zero, and 
as this value approaches sero, the curves 4 and 6 
will be obtained for two ‘types of luminescent 
screen assembly, For relatively lo. z excitation 
times, the- phosphorescence characteristic may 
approach the'type of curves shown Jn Fisure i. 
For Intermediate excitation times, the phaspho- 
rescence characteristic may ke Intermediate in 
shape to the type of curves represented by Fisure 
land Figure 5. The curve 4 ls representatlye of 
a two-layer cascade screen wherein the frst or 
primary layer, activaced by the primeéry enerey, 
principally comprises silver activated zing sul- 
phide, whereas the other Jayer, activated by the 
primary layer of zinc sulphide, princleally come 
prises copper activated zine cadinitum sulpoide. 
Similarly, the cascade arrangement of phosphors 
of which curve §, Figure 5, 1s representative com- 
prises the lsyers of curve 4 with an intermediate 
phosphor layer of comprar ectivated zine sulyhide, 

Since phosphors hava a definite excitation or 
bufid-up tlme usually preporticnal to thelr phos- 
phorescent decay characteristics, a considcranle 
dclay can be occasioned Vetween the Initial exci- 
fatfon and the eventual emission of the bulx of 
the useful ght from the final phosphor In the 
eascade, Thus with a blue emitting anS:Ag long 
prseistence phosphor layer and a blue absorbing 
and green-yellow-orange or red emitting ZnS:- 
CdS:Cu long persistence phosphor, the latter 
phosphor produces the preponderance of useful 
light. The light outpus properties of my cascade 
sereen following cessaticn of primary excitation 
may be compared with the cnaracteristle curves 
depicting the formation and decay of certain 
radio-active transformation products. Thus the 
excitation ofone layer in turn excites the second 
layer which In turn may excite a third jayer. 
Fach of the excitations subsequent to the primary 
excitation of the primary layer is delayed dua to 

ired b9 the physical process 
entand emission, 
Pa tube dog ihe calie 
ode ray ty pa including an eleetron souree Suciy as 
the electron gun 7 to develop a beam or tlood of 
q@lectrons Incident upsa the luminescent screen 8. 
The clectron gun T may be of the conventional 
type Incorporating one cr more enodes to focus 
the electron beam which may be scanned over 
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grid raedulaticn tyre may be ubiiiced. Tre clee- 
tren gctrce Itsy be replaced by or supplemented 
by a reciant energy Source Qeuch es 0 source of 
vitra violet Nght as hereinafter expiniozd, in 
which ease the class of the tube 3 may be cf ultra 
victet transaitting material, Verlous types of 
huminescent sercens made Jn accercance with my 
Invention are shown In Figures 7-12, and relere 
ring to Figure 7, the screen comprises tio In- 
dividual layers 19 and tl, surpested on a trans- 
parent foundation (2 which mey te of glass, mica, 


quartz or any other suitable matarial, ‘Tits foun 


datlon may comprise the end wall of tube, ag 
shown !n l2cure G, or may be a separate founda- 
tion within the tube, 

In the following description J will usa the term 
“norfraary” layer to cesignate the eutermiest laver 
from the foundation, such as the Inyer 19 excited 
by the primary incident enerey which, es hereine 
after expicingd, mcy ba either of the radiant or 
corpuscular type. ‘The next Isyer in order of pro. 


crecsion from the prinisry excitation, such os the | 


Inyer (ft, may be termed tha “sasoncary” Tnyer, 
this hger belog cleser to the founcaticn than ths 
primary Isyer, Eonilarly, Wf a rawil-layer caceode 
arrancement having mora than tro lavers is ull- 
liezd, I will volty to the third Iaver es the “tere 
Ulery” Inver, cithcuch Tam nct lizsited to tha use 
of only three layers In my cascade arrangement 


-@t hosphera, 


Cha peiutiery lever (9 ef the binary screen strice 
tura of Eivuse 7 ly of a matoricl such a3 will 
Pbeeste Maht of reintivety short wavelength, that 
ig, Wish frequency, Wheroag the srconcary Inver 
{4 3 of sith 4 metisial 03 to wills the shorter 
ssloncin Uent J ated by the primary loyer 
by ebcorrtion to produce Ucht of lenser wave- 
length, that ls, lower frequeney. Any of the wells 
known phosphor materials chosea with reasnsce to 
their spcctral emission and absorption cacince 
teristics may b2,utliced for the primary cad 
secondary layers, “he following table ts indica. 
tive of the luminescent materials which may be 
used: 


Primary Layer 


Secondary Layer 


(49) Copper-activated beryl- | (2) Silver-activated lac sulphides 
liura tlrconium silicate 
Q) Copper-activated sing guiphids 
(4) Silver-activated rine caimlun 
sulphide 
(3) Copper-activated rine cadmium 
sulphide 
(6) SNver- or ecpper-activated zine 
“ sulphoseienide 
Mm Sil versacUiented nest: (8%) Copper-activated zine sulphide 
phide 


(9) Copper-sctivated rine cadimua 
autpbide . 
(10) Siiver-activated zinc edmium 
sulphide 
(11) Silvers of copper-activated rine 
siphestenide 
(i2) Cuprer-activated tine sctivated ring codiniuin 
anpnide >} 


sctivated gine Gadmium 


vere Ge Geppereacivated zine 
sniph ese kenide 


It will be meted that all of the matersals recited 
tn the above tabulation as well as other phosphors 
referred to hereinafter are of the inorganic type, 
the organise phosphor materiais known to the 
prior art being wholly unsuited for use in my 
cascade »rrangeamoant af ohacnhiars because their 
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(10) coy ratio of 253 to cfs eonicnt mey b8. 


uted, but in materials (13) and (14) this ratio 
should be less than approximately 4.0 and 9.0, 
rerpectively, : - 
The excitation of the primary layer (9, as indl- 
eftcd above, may be by elther of the radiant ¢n~- 


erzy or coryuccular energy type ond th thickness . 


of the primary Jayer end the penetrating auliity 
of the energy incident thereon are so chosen that 
the primary layer is the loyer principally excited 
by the Incident energy. Thus If the exciting en- 
ergy Is of the corpuscular type such 6s a beam 
of cathode rays, the velocily of the electrons come 
prising the beam Js so chosen that for a given 
thickness of the prircary layer 10 subdstantislly 
all of the electren energy Js absorbed, although 
& predetermined thickness of the seconcary layer 
may b2 excited for certain reasons, such as to 
initiate the curves of Figure 5 at a higher polnt 
elong the ordinate axis. Wowever, if tne enersy 
exciting the primary leyer !s of the radiant cn. 
ercy type such cs ultra violet licnt, the frequency 
of tha ultra violet a3 well a3 the thickness of the 
rrimery layer may be chozen such that the energy 
13 completely absorbed within the primary layer 
or 4 portion of the laver in the direct!on of its 
thictiuess, The steucture shown In Ficure 7 ts 
preverably viewed through te transparent foun. 
dation 12 23 shown by the viewing rymbel i3, and 
to aveld viewing Ment dlrestly cecasioned by pri- 
Mery excitation rather than Light aus to second=- 
Sry excliaticn, a suitabio Clter {$$ ming be Intore 
Foced betweea the viewer ond the foundation, 
althouch tuch oe filter ncod not be ucsd fn all np 
Plications of riy Invention, Por a prizasry layor 
{0 comprising silver activated lac euipiic? and 
a secondary laycr comprising coprer ectivaicd 
sing ceachitlr sulphide the filter fd tiny nave 
the cherecteristic of absorbing biue lisht, teresy 
enoiting the chzerver to seo enly tis Uobs hbe 
erated by tha secondary layer iI, In ecstain ap 

Mantions it may be desirable to view my castace 
sereca from th? same side 03 that wh 


1 ccs2 the 


revion for wilich ftering fs deslred, 

Tt will be appreciated that I ara not Umited to 
the use of a Gual-tyne cascade arrangement but 
that any number cf phosphor layers nay be pro- 
vided wherein the phosphcrs of the Individual 
layers are chosen with particular reference to 
their spectral emission and absorpticn character- 
istics. Referring to Figure 8 which shows @ 
structure incorporating three phosphor layers, 
the primary layer {3 may be of the same ma&- 
terfal as the primary layer (9 of Figure 6, and 
similarly, the layer 4 which fs now termed the 
tertlary layer may be slirailar to the secondary 
layer ff of Figure 7. -Intermediate the primary 
layer (GO and tertiary (4 1 provide a seconds 
or intermediate layes £5 comprising a phesphor 
Inaterial haying specteal emission and avserption 
characteristics inte; mediate those of the primary 
and tertiary layers. ‘The phosphor decay charac- 
teristic chown in Figure 5, curve 5, is representas 
tive of the phosphorescent decay pericd structure 
of Figure 8 wherein the primary layer comprises 
predominantly Z2nS:Ag, the secondary layer 
Zns:Cu, and the tertiary layer 2nS:CdS:Cu. Iq 
will be noted that I have chosen the-thiee ma- 
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acteristics, such that the primary layer liberates 
viotct end blue, the secondary |ayer green and 
yellow, and the tertiary layer yellow-orange to 
red. Other miaterials suitable for a tertiary cas~ 


cade arrangement ere civen in the followng tab- - 


wation where the numbers designate correspond- 


incly nuinbered materials in the above tabulation | 


of materials for the binsry-type sercen. 


Prltoary | Secoodary | Tertiary 
Layee Layer Layer 
a) m if) 
ay [6.3] (5) 

7 Gy i) 

(ta) (10) (9 

(42) a3) (a) 


10 


15 


Any ratio of ZnS to CcS may be used for the 


materials (5) end (9), bub materials conipris- 
Ing the secondary end tertlary layers In the 
Inst tro examples should be chosen so tha’ the 
ratio of ZnS to C¢S content of the terttary Jayer 
ts equal to or less than that of the secondary 
layer. 

The above tables of meterials for cascade 
sereens are net necessarily all Inclusive, but are 
illustrative of various materials which are sult- 
able for the individual layers, It belng uncer. 
stocd that these tebulattons may be supnicmiented 
by ciner matericls and msterlal combinations 
simflarly chosen with resecet to thelr spectral 
emission rnd absorpiicn enarescteristics, 

it vill ke epparent thot I have referred to the 
various Ieyers a3 Including cnly one material, 
but it 13 cften cesirable to provide Individual lay- 
ers In a enseade Jayer errangement comprising 
mere than asinzlie material. The following ma- 
terfals Usted In order of increasing wavelensth 
of their pesked snectral emissions may be used 
es explained belows 


Materlal Characteristic Color 
TPe:ZrShOw:Ca........- Ultra violet and violet. 
«| 2nSiA Violet and blue, 


Green. 
Oreen-sellow. 
Licllow-cinare, 
Red-Infra red. 


Exch of the above materials may he used a5 an 
individual layer making a six-layer cascade 
sereen, or eoch of three layers may comprise a 
mixture of twe or raore materfals selected in 
descending order. Thus a three-layer cascade 
screen may cornprise mixtures of materials (1) 
and (2) fer the primary Isyer, mixtures of ma- 
terials (3) and (4) for the secondary layer, and 
mixtures of materials (5) and (6) for the tertiary 
layer. 

I nave referred to the fact that it Is desirable 
to cheese the corpuscular radiation with respect 
to its velocity, and radiant excitation with re- 
spect to Its frequency so that substantially only 
the primary Jayer is excited by the Incident 
encrey. However, in accordance with a further 
fe.ching of my Invention the secondary layer 
ney be siletdect from the excitation of the pri- 
wary enerzy ineldent predominantly tpon th 
nide. However, as shown In Figure 9, the 
sipher materials of the txo Inyers may be 
Similar to those shown In conneetion with Figure 
7 or to the materials chosen fromm the above tab- 


utatianic "Msn tha seirsaces Totar auanin deeolo 


oa $3 Ingy be of copper activated zinc cedmunys 
sulphide, However, as shown nm igure 9, the 
individual particles ef the phesphor roaterial 
comprising the sc¢cndary layer #3 may be coated 
with materlal which might be termed “opaque” 
with respect to the primary excitation, but 
“transparent” with respect to the Haht Mberated 
by the primary layer, so that the phosphor ma- 
terial of the seconcary layer absorbs and becomes 
excited by this Icht. Thus for primary excita 
tion of the corpusucular type, such as repré- 
sented by electren excitation, the Individual par- 
ticles of the secondary Jayer 13 may he provided 
with & coating 17 of potassium silicate walch is 
relatively opaque to electron bombardment but 
transparent with respect to the Nght Nberated 
by the 2nG:Ag primary Jayer 10. Similarly, if 
the exeltation of the primary layer 1s to be of 
the radiant enerzy tyne, such as ultra violet 
Heht, the material of the primary layer is chosen 
to liberate light ia the near ultra violet, that Is, 
in the near visible resicn of the spectrum, such 


- a3 oround 4000 A, end the material surrounds 


49 


£9 


53 


60 


ing the particles of the secondary layer Is made 
opaque to the ultra violet exciting enersy but 
transparent to the neor ultra violet, such o3 ap- 
proxitaately 4000 AL Low mielting point, low sil- 
fea content giesse3 having the acsircd Ught fil- 
tering promerties may be used for this purpose. 

Vjiite I have shovm in risure 9 the use of bias 
teylal currounding th2 rarticles of phosphor mae 
terlal coraurising the sccoudeary layer, the struc 
ture of Kicuve 10 mzy be ulllized wicrein the 
materiel wileh fs enecue to the incident exciting 
energy ond trensrarent to the excited radiation 
is In the forra of ca fadividual Inyer §3 Inter. 
mediate the primary Icyer 10 cnd sccoadsry layer 
{f. Khe meteoric] of the Intermediate Inyer 18 
rany be chosen in tha same monner cg tho ma 
terial 17 enclosiag tha particles of the seconds 
leyer In bizure 9, or tha materials comprising tne 
lovers (9 and ff ray b2 derosited on opygosite 
sidcy of a sheet ef matcricl sush as glass opcqua 
to the energy exciting the Isyer 19. Tf ulira 

folet excitation is vera, the layer 19 may be 
en oplieal filter subsiantially opaque to the cx. 
citing enerey, but tronsmarent to the excited 
energy of the layer 19. Filters sulteble for this 
purpese are Corning Giass Company filter Ios, 
375, 423 and 557, and Jena fitter Nos. CG-1 and 
GC-+2, Obvlovsly, (sess principles of relative 
selective absorption acd transmission may be ap. 
plied tc cascade screezs of more than two layers 
within the scope of my invention, 

In certain applications it may be desirable to 
simuitaneously excite two or more of the cascade 
phosphor I+yers, and in accordance with this 
teaching of my investien I provide a combina- 
tion of differcut forms cf exciting energy. Thus 
a primary layer may be excited by ultra violet 
Usht as welles by eigztron irradfation, Similar- 
ly, the primary Inyer may be excited by low vee 
locity electron bombardment which {ts substan- 
tially completely ed by the primary layer, 
and the secondar mnay be slmultanecusly or 
sequentially exec!ted ty high velocity electren 
bainbardment. Fes ample, a low yelocity high 
current cathode r y may be used simulta- 
neously er sequen ith a high velocity low 
current cathode ray trara toa obtain a substantial- 
ly tiat phosphoreseé: haractcristic which even. 
tually decays quite raridly. Similarly, a strong 
ites ulalek esureea cay ha iced ta exctte pria- 
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in aiil be noted froia the atetve combinction of 
individual phesphor layers that I have chosen 
primary, cecendary, tertiary and additional Jayers 
which Nberate light of progressively longer wave- 
Jength. Thus the color of the Ucht liberated 
from the secondary, tertiary or whichever 1s the 
final layer rmay be of relatively long wavelength, 
and the light from the final larer predominantly 
constitutes the useful Nght. The tsil ef the 
persistence characteristic may extend for a period 
of thme lonser than desired, end In accordance 
with wn further teaching of my Invention, I am 
nble to terminate the period ¢f phosphorescence 
relallvely akauotly, Referring to Figure ll, the 
cascade screcn may comprise, 5 indicated above, 
® primary phosphor Jayer (3 and a secondary 
phosphor Inyer 20 of one material selected fn 
necordance with my above teaching mixed with 
another material excitable to fefra red by efther 
the primary layer or the other component of the 
secondary Iayer. If dual exciting energy such 
as a combination of electron and ultra victet ex- 
citation is used, the material excitable to .nfra 
red may be excited by one or the other exciting 
means. ‘The second component of material of 
Jayer 23 is chosen to be infra red emitting and 
mey comprise a phosphor, such &s copper or silver 
activated cacmium sulphide, 

These materials have the properties of Nber- 
ating infra red Ught when exelted by “cht of 
shorter wavelenszth, The infra red Ucht itbereted 
by the Infra red phosphor component ts effective 
In quenching the phosphoreseeace developed by 
the preceding loyer 12, This raaterlal may have 
an infra red emission charecteristle which fs 
elther faster or slower in builcing to 1. maxirvoum 
than Is the emission characteristic of the phos- 
rhor or phosphors whose l¢ht {3 to be transmitted 
or cbserved. Thus tite phosrmerescence of the 
second material component may reach a maci- 
mum prior or subsequent to the frst matertal 


-component reaching Its maxfraurn so that the 


Mght from the eccondary layare may be utilized 
over its most cHective amplituca rance, followed 
by a very ranid decay due to th quenching action 
ceuced by the infra red emitting phospher. The 
Hiechanics ef this cuenchiaz ection is not fully 
understood, but it may be die to an acceleration 
of the Mberation of light from the first component 
of the layer or ta a conversion of the Ught lb- 
erated to other forms of enersy such as heat. The 
infra red emitting phosphor material comprising 
& component of the layer 23 may be CdS:Cu, 
Cds or CdS: Ag and need not mecessarily be pro- 
viced as a mixture with the final layer, but may 
he a discrete Isyer as shown in Figure 12, 
While I have shown the use of optical filters 
oniy In connection with ghe caceade screen {lus- 
trated in Fisure 1, It will be obvious that such 
filters may be used with the structures of Ticures 
6--12, or that the material coumorising the founda- 
tion {2 or eng wall of the tube of Ficure 6 miay be 
opaque to the Nght other than that developed by 
the fnallayer. The use of such filters may, how- 


ever, be obviated by viewing the eascade sercen 
ftom the sccundary, tertiary era! Lever is the 
Maal layer eof the assem tiv, s through 


ent foundation #2, seciully {f the 
prising the pri y Inyer exhibits 
fon in the nilra violet region. 

From the avove description of the various em- 


Lodiments of my invention ites lle apparent that 
T have deserived a new methed af Cévelopiag use 75 of the oresressive excitation. 
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alively long ward« 
) pers yoloping Peht of 
relative ele: 3 grbing this wave- 
Jengih Usht and simultancously developing the 
useful ght of Jonser wavelength efther directly 
or throush a succession of steps Involving the de- 
velopment and nbsorption of Hsht having Inter- 
mediste wavelensths, fy method Js not depend- 
ent upon the normal operation of a Juminescent 
sercen made In accordance with my Invention. 
For example, the light of short wavelength, that 
Is, high frequency Ught, may be develeped by sub- 
jecting a phesphor layer to exciting energy, mov~ 
ing the phosphor layer {nto proximity with ane 
other layer having higher wavelength emission 
and absorption characteristics, this latter layer 
being maintained at a low absolute temperature 
to energize but not excite the second layer. The 
temperature of the second Jayer nay then be 
raised to develop the Ncht of longer wavelength. 
Similarly, the second layer may energize a third 
phosphor layer having spatlally related spectral 
emission end absorption characteristics, the 
steps being repeated to develop Usat of the desired 


Teotyeed = 
sCel St Bak 


-relativcly long twavelencth. 


While I have not specifically ind!cated vartous 
applications to which my new cascade screens 
may be apoited, It will be apparent that they offer 
Great advantacses in applications where it fs de« 
sired to observe the effects of transient phe- 
nomena, It will Mxewlse be appreciated that the 
method of my invention may be employed with 
shorter persistence phosphors, such as low tem- 
Perature crystallized silver actlvated zinc sulphide 
and zine cadinium sulphide to decrease Meter in 
conventional oscillograph tubes where Jt 1s desire 
able to have a beam trace of substantially the 
same intensity over the entire screen. In this 
manner many varied decay curve shabes and de- 

ay tines may be produced with the above-de- 

scribed method when using a combination of 
known fhosrhors. Thus while I have tndicated 
the various preferred embodiments of my inven- 
tlon, 1b will be epvreciated that Iam not Imited 
to the particular apparatus and methods herein 
descrived except as set forth in the appended 
claims, 

Iclaim: 

1. A Juminmescent screen for developing useful 
phosphorescent Nght comprising a plurality of ine 
organic phosphor layers, one of said layers being 
adapted to be subjected to exciting energy, said 
layers being arranged in orler of thetr decreasing 
frequency excitation spectra, the said one layer 
developing ultra violet light of a higher fre- 
quency than the ight of the next adjacent layer, 
the layer most remote from said one layer devel- 
oping the preponderant portien of useful light 
and absoroing substantially all of the higher fre- 
quency iight incident thereon from a preceding 
layer. 

2. A luminescent screen capable of developing 
useful phosphorescent light without matcrial out- 
put of ‘uminescent leht comprising a suecession 
of contisuous inorganic phosphor layers adapted 
to be pregressively excited, said layers being ar- 
ranged in ¢rcer of prorrestive excitation «hereby 
etatien ef one liver produces excita’ion of 
the m Gincent layer, the materials of each 


: ; lib- 
Preceding laver, the useful tight de- 
i cy said suceession of lagers being sub- 

y Ceveroped caly by the last layer in order 


Jr 
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e. A lomineccent sereen curatie of ceveloning 
pigtomninantl), ploospherescent “ab compiising 
inorganic phosphor means tolberate iizht of rela- 
tively short wayclength including ultraviclet when 
excited by exciting enersy, and inorganie phes- 
phor means adjacent said Orst means absorbent 
to the ultra violet Nght and ight of relatively 
‘short wavelencth to convert catd Neht to useful 
longer wavelength Ught, sald useful Nght belng 
developed predominantly by sald second-men- 
toned phosphor means and the Mzht of retae 
tively short wave lensth Including ultra violet 
being substantialiy completely abscrbed by said 
second mentioned Jnersanic phosphor means. 

4. A luminescent ecreen comprising a support 
member to transmit useful Nght, a coating of In- 
organi¢ phosphor material on sald support meme 
ber, a second coating of lnorgan!e phosphor mate. 
rial on sald frst-mentioned coating, the sald ma- 
terfals having decreasing peak wavelengths of 
emisston spectra in the order of epplicaticn to sald 
base member and the useful Nght transmitted 
through sald support member being vhospho- 
Tescent light developed predominantly by the ma» 

’ terial on said support member, said support mem- 


. ber being substantially opaque to the emission 


spectrum of sald second phosphor coating. 

5. A luminescent screen for developing Nght 
comprising a transparent support surface, a plu- 
rality of at least three super-positioned inorganic 
phosphor layers, each of which exhibits relatively 

, long phosphorescence folowing excitation, ene of 
which {fs adjacent sald surface, the phosphors 
comprising sald layers having decreasing peak 
wavelengths of emission szectra in the order of 
thelr position away from sald surface, sald layers 
between said surface and the outermost layer 
being absorbent to substantially all of the light 
developed by the preceding layer, the useful light 
being phosphorescent Ught developed predoml- 
‘nantly by the layer adjacent said surface. 

6. In combination a screen for developing phos- 
phorescent ight to be viewed from ene side 
thereof inchiding a plurality ef inorganic phos- 
phor layers adapted to be progressively excited to 
Juniinescence, sald layers being of materials hav- 
ing spatlally related special enilssion and absorp- 
tion characteristics and arranged In order of pro- 
gressive excitation with their spectral emission 
wayclengths epproaching the intra red Portion of 
the spectrum anda filter adjacent the side of satd 
Screen from which tke ght is ro be viewed to ab- 
sorb ight developed by th2 layer waving the shart- 
est wavelength spectral emission. 

7. In combination a sereen for developing phos- 
phorescent Nght to be viewed from one side 
thereef Including a plurality of contiguous inor- 
ganic phosphor layers adapted to be progressively 
excited to luminescence, said layers being of mate- 
rials having spatially related spectral emission 
and absorption characteristics and arranged in or- 
der of progressive excitation with their spectral 
etalssion waveleneths approaching the infra red 
portion of the spectrum and a Alter sybstantially 
opaque to light developed by the layer having the 
shertest wavelenuth spectral cmission positloned 
adjacent the side of sald screen to be viewed 
whereby the uceful developed light is limited to 
fpvclral wavelengths approaching the Infra red 

Sef the Speeirum. 

3. In combination a screcn for developing phos- 
Proreseent Heht of relatively long wavelength 
comprising a layer of inorganic phosphor material 
excitable to luminescence in the biue portion of 
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phor micterd at to lizht In the blue por. 
tlon ef tha ¢ and exeitable under tlus 
light to light of Icnger wavelength, said rcreen 
being adapted to be viewed from the side of sald 
first mentioned layer and a Miter absorbent to blue 
light and substantially transparent to Mght of 
sald longer wavelensth adjacent sald first men- 
Uoned layer and on the side thereof oppostte sald 
second mentioned layer whereby a portion of the 
ight develeped by the frst mentloned layer ts 
absorbed and the useful light developed by said 
phospher layers {s predominantly that developed 
by sald second layer. 

9. A luminescent device comprising a source of 
primary luminescence exclting energy, A screen 
foundation, a luminescent screen on said founda. 
Hon Including a plurallty of superposed phosphor 
layers, cach of sald layers being of Inorgante 
phosphor materlal having a concave upward 
phosphorescent decay characteristic, the sald lay- 
ers Ikewlse betnz of different phosphor con posie 
tlons having differing peak wavelength spectral 
emissions, the layers being arransed between said 
source and said foundation in Increasing wavee 
length order of thelr svectral emissions, sald 
foundation being selectively transparent to lumt« 
nescence of sald layers, the transparency being a 
maximum for the Jayer nearest adjacent sald 
foundation and a minimum for the layer further 
removed from said foundation. 

10. A luminescent device comprising a source of 
cathode rays, & screcn foundation oppositely dis« 
Posed from said source, a screen on sic foundae 
tion comprising a plurality of Inorgeniec phesphor 
layers having high phosphorescence following ex- 
citation by sakd rays, the layer nearest edjarent 
said sourca being of sulficient thickness to rbsorb 
substantiaily the major portion of sald esthede 
rays end shiaid the next adjacent layer there. 
from, the phosphors of sald iayers having differ- 
ent wavelength emlssion spectra, the said nearest 
adjacent layer having the shortest wavelength 
emission spectrum. 

11. A luminescent screen comprising a support 
miember, a plurality of phosphor layers on said 
support member, each layer including a nuxture 
of phosphorescent Neht emitting Inorgante phos- 
phors, the average spectral emission and absorp- 
tlon peak wavelengtas for the matertals of cach 
layer being different, said layers being arranged 
in order of their decreasing averaze emission end 
absorpt.on wavelenzth spectra with Increasing 
distance fram said support member, 

12. The method of developing luminescent light 
of relatively low frequency including the steps af 
developing over a short period of time luminescent 
ight of relatively high frequency, absorbing sub- 
stantially all of the energy representative cf ight 
of high frequency, converting said energy {nio 
light of relatively low frequency, and jumiting sald 
period of time toa t!me shorter than that required 
for converting the principal portion of said energy 
into hgnt of relatively iow freauency. 

13. The method of developing useful lumines- 
cent lisht of relatively iong wavelength compris- 
ing developing luminescent Nght ef short wave- 
senetay, suc vy developing quantities of Meht 
of longer we ths, slinuitaneously absorbing 
Egut of wa 3 Shorter than each succes. 
sively devel iatity of Uoht of longer wave- 
length, and + ng the development of sal 
lutainescent Her, tor’ Wave length befere the 
development ef the grinctpal purtion of the Nght 
of longest Wave length, 
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of relatively low frequency comprising the steps 


of developing fumInescent Heht having a high 
“frequency, successively developing quantitics of 
ight of decreasing frequency and simultancously 
abtorbing the successively developed cecrcasing 
frequency ght quantities with the exception of 
the Hight of lowest frequency. 

15. ‘The method of developing luminescent light 
of relalvey long wavelength wilich comprises ex- 
citing a phosphor having short wavelength 
criission and absorption spectrimm over a pericd of 
{ime to develop luminescence of short wavelength, 
ulizing sald developed luminescence to develop 
I'ght of longer wavelength and limiting the time 
of excitation to less than the time required for 
descloping the light of longer wavelength. 

16. For use na cathode ray tuoe having means 
for producing and defiecting an electron besm, & 
screen comprising a rst component which ts ex- 


posed to the electron beam and which is adapted o 


to generate ight radiations when excited by elec- 
tron Impingement and a second component which 
ts excited by such Ught radiations and $s effec 
tively shtelded from electron imp'tngement and 
which fs adapted to produce visible luminescence 
of longer persistence than the radiations gen- 
erated by either component when excited by elec- 
tron impact. 

17, For use Jn a cathode ray tube having means 
for producing and defiecting on electron beam, 
& screen comprising a first component which 1s 
exposed to the electron bear and which fs 
adapted to generate light radiations edjaccnt the 
short wave end of the spectrum when exclted by 
electron Impingement and a recond cumpenent 
which ts effectively shielded from electron Ime 
pingement and which {5 adapted to produce vist- 
ble luminescence when excited by the Heht racdia- 
tions from said first component, sald second com- 
ponent comprising zinc-cadmium sulfide. 

18. For use in a cathode ray tube having means 
for producing and defiecting an electren beam, a 
screen comprising two layers of Indtvidusl phos- 
phors, Separated by an electren-imyervious mae 
terfal, one of said layers being exposed to the elec 
tron beara and comprising a phosphor adanted to 
generate Heht rediations when exelted by electron 
impingenent, and the other sald layer comnrising 

_ & phosphor which produces a visible lumincscence 


persistIng for at least several seconds when ex- 


cited by the light radiations emitted by the first 
mentioned layer, 

19. An electron discharge device comprising an 
envelope providing & window, rneans In sald en- 
velcpe for genevating a beam of electrons directed 
upon said window, 2 luminescent screen applied 
upon the {rterfor surface of sald window compris 

- Ing se foundation phosphor which Js applied ade 
Jacent said window and Js adapted Jn response to 
short wave Iight excitation to produce visible 
luminescence of Jong persistence, and an exciting 
phosphor applied thereover which fs expcsed to 
impingement of said electron bearn, sala latter 
phosphor being edapted to generate In response 

"to electronic excitation ultraviolet and adjacent 
blue radiation which fs capable of exciting lum!- 
nescence in said foundation phorphor, eald exctt« 
Ing pro-phor having suffelently creat thie’ ne 
< Ch ctively shield sald foundatten ubias, 

Pw Ge ce lrens, 


>y At 


), menumescent device comprising an en- 
velope having a window transparent to visible 
Nght and enclosing a luminescent sereen and 
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means for producing aad defiecting an electron 
beam, seld screen comprising at least two supcre 
Imposed contiguous phosphor layers of unllze in- 
orgame: phesphors, cne phosphor Jayer pesitiened 
to be expoced to the electron beam and cmiinig 
jn response to impact of the electron Leam encrt 


/ wave-length radiation im and sdiacent to the 
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short wave end of the visible spectrum, and the 
other phosphor layer facing sald window end 
shieided froin the electron beam and expcse 
only to sald short wave-length radiation {som 
said first mentioned Jayer and emitting In re- 
sponse to sald short wave-length radiation from 
the first mentioned phosphor visible radiation of 
longer wave-length. 

21. A cathode ray tube comprising on envelope 
having a window transparent to viziole Wont and 
enclosing a luminescent rereen ond & sources of 
wlectrons for generating a beam cf eicctrons 
directed unon sald ecreen, sald screen cotaprising 
three conticuous layers, the two outer layers boing 
of uralke tnorganic phosphors, cne layer feclag 
sald source and emitting short-wave raciation In 
and edjacent to the short-wave end c? tha virinte 
spectrum in response to clectron Impact, ths in- 
termediate layer being of elcctrca izerervlous mae 
terial transparent to the short-" ave raciation of 
suid first mentioned phosyhor layer, the other 
phosphor layer facing said wladow and exciicd by 
the short-wave radiation from the frst nomed 
phosvhor to preduce visible Negi: of loncer wavee 
ler gth. . 

22. A himinescent screen canebls of developing 

4 


fluorescent Usht comprising a plu 
Jacent inorganie phosphor layers recanted to ba 
procressively excited to luminescence, the hore 
ganic phosohor of esc layer Having different 
spectral emission characteristics, suid Isyers boing 
arranged in order of thelr Increasing wave length 
of their respective emission and ctsorntion sncte 
tra end in order of thelr prezrecciva oxelistion, 
the phespnor layer having the shortest wave 
length emission spectra being of a mintevict lu- 
minescent uncar incident cnergy end ef swiccleat 
thict:ness to ebsorb substantially ail ef tho incle 
dent enerzy, the layer noving the lonsest exes ioa 
and absorption wave lencth including a phe-cnor 
Juminescent in the Infra-red portion c? thea spece 
trum end being of sufacient thickness to ebsard 
swostantially all of the light berated by a preced~- 
ing layer. 
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